This study describes the effect of mild head injury in preschool children on aspects of their cognitive performance in the year after injury and at the age of 6*5 years, with particular reference to the development of reading skills. Mild head injury was defined by diagnosis at a hospital emergency department of a head injury which was not severe enough to need admission for observation. Seventy eight such children were compared with a group of 86 with a minor injury elsewhere. The groups had similar developmental, family, and socioeconomic status. There were no differences in cognitive tests soon after the injury, but at six months and one year children with mild head injury scored less than controls on one test, solving a visual puzzle (visual closure); they were also more likely to have had another mild head injury. At 6-5 years of age they still scored less than controls, reading ability was related to their visual closure score at one year, and they were more likely to have needed help with reading.
Some children who have a mild head injury do badly at school afterwards, either because of their behaviour or because they cannot cope with the school work. Several studies have suggested that the head injury is not responsible. One view is that the sort of children who are injured are more likely to have had behaviour problems before the injury.'2 Another is that although the children may show defects of cognitive function, this is not proportional to the apparent severity of the injury, and that the changes do not show the pattern of loss and subsequent recovery typical of CNS damage, so that it is more likely that the deficit was there before the injury.3 A long term follow up of children with various injuries suggested that cognitive changes were common in all, and that the children with head injuries were not specially affected. 4 It has also been suggested that parental overreaction and family dysfunction may be a factor.5
Our previous work had shown that in adults the defects of cognitive function that follow a mild head injury can persist for many months,67 and we saw no reason why children should be different. In 1982, prompted by suggestions from teachers and parents that young children who had had head injuries were slow in learning to read, a pilot study was completed comparing 10 preschool children with mild head injury with 10 matched for the factors known to affect learning. No difference between the groups was found immediately after the injury, but eight months later the children with head injury were less able to complete visual puzzles. It seemed reasonable to suppose that children who found this difficult might have problems in learning to read, and further investigation of this area was clearly warranted. There are, however, practical problems in showing changes of cognitive function and their relation to injury in preschool children. Assessment of very young children is difficult. It may be complicated by factors such as shyness, distractability, and developmental delay, which are not related to the accident. Further, they belong to a group in which information on academic achievement is absent, so that the child's capacity before the head injury cannot be estimated. On the other hand the family and socioeconomic factors which affect learning at this age have been well documented and can be allowed for. Also, as this is a period of intense learning activity loss of capacity might be expected to produce greater effects than in older children.
A more rigorous investigation was therefore planned, with the hypothesis that mild head injury in preschool children would affect their learning to read. The development of this skill has been well studied and quantified, and would provide a good endpoint. The children would be followed up for a year from the date of their accident, and then seen again at the age of 6'5 years when their school progress and particularly their reading skills would be assessed.
Subjects and methods

SUBJECTS
Consecutive names were taken from the records of two general hospitals of children who had attended the accident departments and had been diagnosed as having had either a mild head injury (HI group) or a minor injury to another part of the body (control group). Within a week of the accident the parents were telephoned and their consent to enter the children into the study sought. The child was included providing: (1) that hospital admission had not been needed; (2) that the child was between 2-5 and 4-5 years old; (3) that there was no history of previous head injury or another condition which might confuse the issue; and (4) that the first language spoken at home was English.
Eighty nine children were identified as possible subjects for each group (HI and control). 11 of the HI group and three of the controls had then to be excluded because of a previous head injury, leaving 78 in the HI group and 86 controls.
As the investigation progressed head injuries occurred in both the HI group and the controls. These children continued to be examined but data obtained after the further injury was not used for the present analysis.
METHODS
Part 1
Each child was seen within a month of the injury, then six and 12 months later.
Assessments were all made in the child's home, with the help of a parent. The first was done as soon as the parent considered that the child was well enough to be tested, usually within 14 days of the accident. The other assessments were done six and 12 months later. Two sessions of an hour were needed for each, both being completed within a week. The following information was obtained:
Clinical history-The parents were asked for the details of the accident, the immediate symptoms, and the child's progress afterwards. Note was taken of previous illnesses or accidents which might affect development. At the second and third visits the occurrence of subsequent injuries, to the head or elsewhere, was recorded.
Family and socioeconomic status-The ages and education of the parents, the number and age of the siblings, and the child's position in the family were noted. A measure of socioeconomic status designed for use in New Zealand was recorded. 8 Behavioural measures-The Vineland social maturity scale9 and the Connors parent questionnaire'0 were used to assess social maturity and behaviour.
Cognitive tests-The Reynell developmental language scales" were used as a broad measure of expressive and receptive language ability. The battery uses a collection of attractive toys and everyday objects, and is designed for children from 1 to 5 years old. The methods used are given with each finding. In analysing the results of the cognitive tests the raw scores were used as dependent variables. This allowed direct comparison of indi-vidual subjects over time, and avoided the uncertainty of using scores scaled for age some years before and in a different population.
ETHICAL ISSUES
Both parts of the study were approved by the Auckland Hospital ethics committee. The parents were told in detail about the aims of the investigation before being asked for consent. In the second part informed consent was also obtained from both the Auckland Education Board and the principals of the schools visited.
Results
PART 1
Comparability ofgroups There was no significant difference between the groups in sex, pre-accident development and behaviour, socioeconomic state, or mother's or father's age or education levels. In the subjects available for study at one year there was a slightly higher proportion of younger children in the HI group, the mean and median ages being 3-38 and 3-25 years
Visual closure scores immediately after injury, six and 12 months later, and at the age of 6 There was a bruise on the head in 61 %.
Seventy eight per cent of the injuries were due to falls, 17% to being struck by objects such as swings, or running into them, and 5% were due to motor vehicle accidents. The parents of the control group were asked similar questions; 88% of the children had cried immediately, none had been unconscious, and some 10% had been sleepy or subdued, but none had vomited or complained of the other symptoms reported in the HI group.
Cognitive tests-Analyses of variance (ANOVA) were conducted with the neuropsychological data as dependent variables, with independent variables type of injury, age at time of injury, sex, and socioeconomic state.
At the first test, in the first month after injury, there was no difference on any measure between the head injury and the control groups. Six and twelve months later, however, the HI group did less well (F = 20-43, P = 0-0001 and F = 10-61, P = 0-0016) than the controls on the visual closure test, which requires the child to find objects concealed in pictures in a limited time. This effect was independent of the slight preponderance of younger children in the HI group. The figure shows the distribution of the scores and the table their means. The mean increase in visual closure scores over 12 months was 1-83 for the HI group and 3-35 for the controls; the difference was significant (t = -2-8777, P = 0 005). There was no significant difference between the groups on any other measure, the scores of the HI group and controls being remarkably similar.
Further injury-Ten children of the HI group had another mild head injury in the six months after the first, and three in the second six months (one for the second time), 13-9% and 4-2% of those at risk. Two of the control group also had a mild head injury, one in the first six months, and one in the second (1-3% 
Discussion
The major finding was that in preschool children who had had a mild head injury there was a significant chance that their ability to interpret visual puzzles, expressed as their score on the visual closure test, would be impaired. The impairment was not present immediately after the accident, but was evident six months later, and persisted to the age of 6-5 years. More of the HI group had difficulties with reading in their first year of school and needed special tuition, and within this group the reading ability at 6-5 years was significantly related to the visual closure score six and 12 months after injury.
Some points in the methodology need comment. Strict definition of the severity of the injury presented problems. In most cases the child was not being watched at the time of the accident and often it was difficult for the parent to know whether the child had actually been unconscious, or had cried at once. In the event they were only able to answer this question in some 60% of cases, and in only 5% of these were the parents certain that there had been a definite loss of consciousness. This pattern of mild head injury in younger children has been well documented, with a similar incidence of clinical findings. "5 In fact the range of severity was determined by management decisions. Children were included in the HI group if they had been sufficiently affected by the head injury for their parents to take them to hospital and for a diagnosis of head injury to be made, but not if they then needed to be admitted. Children who had skull fractures or who still had definite symptoms after four hours of observation were therefore excluded.
It would have been satisfying if a further measure of the severity of the head injury had been possible. In adults the duration of posttraumatic amnesia is conventionally used for this purpose, and it is possible to make some estimate of post-traumatic amnesia in even small children.'6 We have, however, shown in adults that the estimates of post-traumatic amnesia of duration up to an hour are not helpful in grading the severity of mild injury, both because they are unreliable and because they do not relate well to the incidence of cognitive and other problems later. 7 In the event it was decided that to use this measure would be a fruitless complication.
The children of the control group had injuries which seemed to be very similar in terms of the stresses of treatment needed in the accident department and later. The socioeconomic and development factors were closely comparable, and the children of the two groups performed in the tests in a virtually identical way except for the visual closure scores at the second and subsequent occasions, and for those of reading ability.
Many observations and tests were made on each child, and it could be held that by chance at least one would show a difference between the groups. It was, however, the original hypothesis derived from the pilot study that the anomaly of visual perception and associated reading problems would be found, and the other investigations were accessory to this.
The changes in visual closure were seen on three occasions over periods of two to four years, the differences in scores of individual patients over time were consistent, and scores on the reading test, an independent measure, were related to visual closure. Under these circumstances it is reasonable to dismiss this statistical objection.
The investigator carrying out the tests knew the history of the child and an expectancy effect could have been introduced. The single investigator was aware of the problem, but an alternative was not possible with the resources available. The limitation has to be acknowledged.
Follow up was incomplete in both parts of the study. This was due to movement of families outside the area, and in only one case to refusal by the parents. The visual closure scores and the socioeconomic state of parents of the lost and remaining cases were compared. There was no significant difference in part 1. In part 2 the visual closure scores of the lost HI group children were lower than those of the remaining HI group; the scores of the remaining HI group children and of the lost and remaining controls were all similar. Retention of cases with a lower visual closure score would be likely to increase the effect observed, so that their loss does not diminish the relevance of the major findings.
Why was it that the visual closure and no other scores were affected? Why at first did the visual closure scores not differ from controls but later fail to increase normally with age so that there was a persistent deficit?
The Illinois test of psycholinguistic abilities contains several visual tests, but only visual closure was affected. The test presents a line drawing and requires the child to search for one or two objects shown in the margin-for example, a hammer and a saw. These are partly concealed, showing perhaps only the serrated edge of the saw or the head of the hammer, and placed at different angles. The child therefore has to recognise the whole from the part and allow for rotation and differing viewpoints, and also to form a strategy to do this within a limited time. Part of the process would be expected to depend on what in adults would be minor hemispheric temporal lobe function, but an important component may be the planning and execution, which would depend on function of the frontal lobes. Of the other tests that the children did, the one most comparable with visual closure was part 2 of the Frostig developmental test of visual perception, but scores on this did not discriminate between the two groups, perhaps because there is no time limit on this task and it is made easier by allowing the child to outline the figures with coloured pencils.
There is good evidence that in children tests of the "performance" group such as visual closure are more affected by head injury than those of the "verbal" group. ' The selective effect on visual closure could also occur because it depended on a function which was developing particularly rapidly at the time of the accident. Although the development of "verbal skills" probably precedes that of the "performance skills", both are likely to be in active growth in the 2-5 to 6 5 year age range, and it is surprising that there should be sufficient difference in growth rates to produce a relative defect of this size.
The finding that visual closure scores were normal at the first test but then failed to increase at the same rate as controls suggests that it was not an established visual skill that was damaged, but that further development of this skill was impaired, so that the affected children were still not performing as well as controls two to four years later. This pattern of increasing defect is likely to be typical of the developing brain, and is the reverse of that seen in adult neurology when the maximum effect is seen at once and diminishes with time.
Intuitively it was to be expected that defects of visual interpretation would be associated with reduction of reading ability. In the HI group the visual closure scores one year after the injury were related to the reading scores when the children were tested at 6-5 years of age, and the HI group children needed special help with their reading more often than controls. The relation of visual closure at 6-5 years to reading scores was not significant, suggesting that alternative stratagems for reading may have developed, perhaps as a result of the special tuition given to some of the subjects.
There was a relation between the need for special help with reading and general behaviour in school as represented by the score on the teacher's questionnaire. Although this was stronger in the children with head injury, it affected the controls as well. This could be taken to support the contention that children who have accidents belong to a group which can be expected to behave badly,'-3 although this is not supported by other authors. 5 25 Equally, it may indicate that children who fail to achieve find difficulty in social adjustment.
The incidence of further accidents was much the same in both groups. In the first six months, however, in the children in the HI group these resulted in further head injury symptoms. After this they had accidents similar in frequency and resulting symptoms to those of the control group. This resembles our experience with mild head injury in adults, who often find that for a month or two after the injury even a slight blow to their head results in a degree of headache and perhaps drowsiness that would not have been expected. In children parenchymal lesions seen on MRI persist, although reducing in size, for three months or more,22 and it is reasonable to postulate that such lesions may make the brain more sensitive to injury.
Despite the positive findings we present here there is little support in other studies of injured children for persisting cognitive impairment specific to mild head injury. Earlier work ascribed continuing problems to pre-existing deficits, behavioural problems, or parental overreaction.' 35 In Gulbrandsen's study of children aged 9-13 years,20 impairment of performance skills evident at four to eight months after mild injury was not detectable at two years (personal communication, quoted in Levin et a?4). Bijur and her colleagues carried out a carefully controlled study in which children aged 5 to 9 with mild head injury were compared with children with other injuries and with uninjured children.4 Children injured in any way tended more often to be aggressive and hyperactive than uninjured children and to show lower academic achievement, but the head injured differed little from those with other injuries. They concluded that head injury had no discernable effect on general measures of intelligence, achievement, and aggression one to five years after the injury. They did not, however, use a test comparable with the visual closure test and the children were older (only five of 114 subjects were under 6 years old) and may have passed the critical age for the development of some of the skills measured. They did, however, find that the achievement in mathematics at 10 years depended closely (P = 0 006) on the age at which the head injury had occurred, scores varying from 93-5 for injuries at 5 years to 104-3 at 9 years of age. The authors did not think that the impairment was a consequence of injury, expecting that the more recent injuries would have more pronounced residual effects, the picture seen in adult neurology. In fact the finding would support the concept that the earlier years are important for developing mathematical skills, and that in younger children the development is more affected by injury.
In conclusion it seems reasonable to say that although in children a mild head injury may not have a long term effect on cognitive function in general, there is good evidence that if it occurs at an age which is critical for the development of a certain skill there may be a persistinlg deficit. In this way injury in the preschool years seems able to affect the process of learning to read.
As a practical measure, it should be possible for primary school teachers to pay particular attention to children known to have had a head injury, so that help may be given as soon as possible. In more general terms., the possibility should be more widely recognised that mild head injury in children of any age can have subtle effects on school progress and behaviour. Difficulties at school which become evident after a mild head injury are not necessarily or entirely due to pre-existing behavioural traits as has been suggested. Teachers ought to be aware of this and resources for diagnosis and remedial teaching should be made available.
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